T he earliest documented attempt at resection of an intramedullary spinal cord tumor (IMSCT) was performed by Christian Fenger of Chicago in 1890, although the patient remained paralyzed postoperatively, as detailed in Church and Eisendrath. 8 The earliest successful resection was performed in 1907 by Anton von Eiselsberg of Vienna (see Zervas).
T he earliest documented attempt at resection of an intramedullary spinal cord tumor (IMSCT) was performed by Christian Fenger of Chicago in 1890, although the patient remained paralyzed postoperatively, as detailed in Church and Eisendrath. 8 The earliest successful resection was performed in 1907 by Anton von Eiselsberg of Vienna (see Zervas) . 36 Surgeons of the early 20th century continued to pursue methods for successful operative treatment of these lesions, with Charles Elsberg of New York developing a 2-stage operation to minimize manipulation of the spinal cord during resection. 19 Although Harvey Cushing is known for his contributions to brain tumor surgery, his contributions to spine surgery, 7, [16] [17] [18] 28 particularly for tumors of the spinal column, have only recently come to light. 17 , 28 Cushing was fluent in German and French, and it is possible that he read published accounts of these cases during his early career. In 1888, Gowers and Horsley published in a European journal a very detailed description on the technique they used in the first recorded resection of a spinal meningioma. 21 In 1900, Harvey Cushing spent 1 year in Europe. During that time he was introduced to new surgical techniques that could have encouraged him to start operating on spinal cord lesions once he returned to the US.
Cushing's papers at the Yale University Medical Historical Library contain his unpublished article "Technique of Laminectomy," in which he introduces a brief technical explanation of the laminectomy procedure (Fig. 1 ). This manuscript is evidence of Cushing's interest in furthering spine surgery. In addition to discussing that paper, we present 3 cases of IMSCTs that Cushing treated operatively during his career as a young attending at the Johns Hopkins Hospital.
To understand the context in which the first surgeries
for IMSCTs took place, we present the historical diagnostic and technical challenges in the neurosurgical field at that period. It is the goal of this paper to highlight the challenges that were overcome by Harvey Cushing and other essential pioneers in neurosurgery, and in this way our paper contributes to the understanding of the historical roots of our current practice in spine surgery.
methods
Following internal review board approval, and through the courtesy of the Alan Mason Chesney Archives, the surgical files for the Johns Hopkins Hospital from 1896 to 1912 were reviewed. Additional information regarding Cushing's approach to laminectomies was gathered from the collection at the Harvey Cushing/John Hay Whitney Medical Library at Yale University.
case presentation
Three patients on whom Cushing operated for IMSCTs were found in the surgical records. Their mean age was 26 years (range 14-40 years), and 2 patients were female (66%). Two patients underwent decompressive laminectomies with cyst evacuation and without tumor resection. One patient underwent a decompressive laminectomy with partial tumor resection. Two patients were discharged in "improved" condition, and one was discharged in "unimproved" condition (Table 1) . A single, previously unreported case of an IMSCT resection is described below.
case report
On May 4, 1910, a 25-year-old woman with a history of bilateral talipes equina and severe scoliosis presented with 3 months of bilateral lower-extremity weakness, bilateral lower-extremity hyperreflexia, and right lowerextremity sensory disturbance. She had a distant history of poliomyelitis at the age of 3 years, which left her with a slight left-sided foot drop. She had suffered a fall 1 year prior to admission, and complained of back pain, followed by intermittent weakness of her right leg, leading to occasional falls. The right-sided weakness and sensory loss progressed, and her left leg became involved on March 10, 1910. Cushing suspected a tumor of the spinal cord, and brought the patient to the operating room on May 5, 1910, for a "Spinal decompression for intra-spinal tumor (glioma?) Partial removal of growth." Cushing's preoperative diagnosis of "glioma?" was borne out by the intraoperative findings. Cushing's observations of a distended, rubbery characteristic of the spine may refer to the presence of a tumor-associated syrinx. His operative note and illustration (Fig. 2 ) document the procedure:
The patient was placed in as comfortable a position as possible on the table in view of the extreme rotary curvature of the spine. Anaesthesia was beautifully taken during the course of the three and a half hours operation. Great difficulty was experienced at first in finding even the spines which were apparently flattened in such a way as to make their exposure difficult, particularly the spinal muscles on the right side were separated from the spines and laminae with difficulty owing to the tendency of the muscles to appear over on the left.
The actual work was however fairly easily done, each spine successively being removed with perforator and burr, then carrying the opening down to the posterior ligament. There was a matter of fact none of the abundant yellow elastic tissue which is usually seen.
The dura as exposed was extremely tense, a very broad channel of it having been brought fully into view. There should have been no unusual tension. Membrane was opened by a linear cut which was carried throughout the entire length of the exposure -viz. from the 6th thoracic to the first lumbar vertebrae inclusive. Cord was perfectly dry with no subarachnoid fluid whatsoever, and it bulged into the wound. It was of a rubbery consistency giving the sensation of a fairly tight hollow rubber tube. It was perfectly dry and of a straw yellow color. Blood vessels on the surface were much thinned. On splitting the dura the cord itself bulged into the wound so that it would have been absolutely impossible to have closed the dura again had this seemed advisable. At one area the nerve tissue looked somewhat grayish and translucent and here an incision was made throughout the posterior columns into the cord itself, disclosing a glioma. The tumor itself seemed to be merely a soft, grayish gelatinous mass, a few fragments of which were curetted out of the opening.
From the upper end of the incised dura the filiform bourie was then passed upward into the cord. At a distance of about 5 cm. cerebrospinal fluid was encountered for the first time.
Consequently two more spines and laminae were removed, making in all a laminectomy of 8 vertebrae. At about this level the cord seemed tight and some fluid was evacuated on tilting it from one side to the other. However, at this level it still had a distended rubbery characteristic.
The operation represents columnar glioma possibly on the way towards a condition of syringomyelia.
Wound was closed leaving the dura wide open, merely the superficial parts being brought together in the usual fashion, in layers.
In the immediate postoperative period, the patient was found to have motor and sensory defects. However, on postoperative Day 5 it was noted that she could "move toes on left foot, also flex at knee and hip feebly; no ankle motion. Apparently total anesthesia after the operation which seems to be clearing up somewhat. Definite crossed palsy. Rt. leg extremely hypersensitive."
She was discharged on May 25, postoperative Day 20, in "improved" condition. Follow-up letters from her primary physician in Boston documented that in the month following her operation she was able to stand for short periods of time without assistance and was able to walk longer distances with crutches.
discussion
In the mid-1700s, Heister first suggested surgery of the spine. 24 For more than a century, spine surgery was infrequently performed except for spinal trauma. 38 Surgery for spinal cord tumors emerged in 1887 when the surgeons Sir Victor Horsley and Sir William Gowers pioneered the successful operation for a spinal meningioma in England. 21 The earliest successful resection of IMSCTs was performed in 1907 by Anton von Eiselsberg of Vienna. 36 Harvey Cushing's first surgery for the removal of a spinal cord tumor was for a cervical meningioma in November 1903. The outstanding clinical results of this surgery led Cushing to state: "The case seems in many respects the most satisfactory of any heretofore recorded."
12 Two years later, Cushing's landmark publication "The special field of neurological surgery" 13 reserved a special section for the spinal cord. Cushing summarized his early experience with spine lesions: "My personal experience with spinal tumors has been small"-mainly trauma cases, an enucleable tumor (aka meningioma), a fibroma, a dermoid cyst, and invasion of the spinal canal by malignant disease. 13, 14 The cases reported in this paper, treated in 1908 and 1910, represent Harvey Cushing's first documented attempts at IMSCT resection at Johns Hopkins.
Cohen 9 Curiously, in his 1920 revision of the paper "The special field of neurological surgery," Cushing did mention his thoughts about spinal tumors again, but without mention of his successful IMSCT resections. 
clinical Spinal localization
One of the principal challenges that spine surgeons faced was spinal-level localization. This issue is so important that the modern era of spinal tumor surgery is considered to begin with Horsley's case in 1887. In 1892, Horsley provided important contributions to the knowledge of localization. 26, 33 In 1920, Cushing stated in reference to the surgery of spinal meningiomas:
No operation […] in which the transformation from a suffering and bed-fast invalid to a normal life is more like a resurrection. One may imagine the elation which Horsley and Gowers must have felt in 1888 on the occasion of their epochal first case. It is not the purpose of this paper to discuss the localization of the lesion and it will be taken for granted not only that the level of the lesion and extent of spinal involvement has been determined by preliminary neurological studies but that the nature of the lesion which is expected may also be more or less definitely determined.
Cushing emphasized the need for knowledge of neurological anatomy and the site of each spinal segment in relation to the skeletal landmarks for localization in spine surgery: "The small and removable spinal cord tumors especially put one's knowledge of localization to test." 13 Thus, Cushing always started the evaluation of his spinal cases with an in-depth history and physical examination: voluntary and involuntary movements, tactile sensation, pain, and temperature. 16 Long annotations and drawings of dermatomes and spine levels filled his medical notes.
diagnostic tools
Although Roentgen discovered the use of x-rays in 1895, 35 there were very few publications about spine imaging until 1920. 25 Cushing used x-rays in neurosurgical patients as early as 1897, and his first published spine case described the use of x-rays to localize bullets from a gunshot. 10, 22, 30 Contrast studies of the spine were developed in the 1920s. Walter E. Dandy first postulated the injection of air in the spine, 15 and later, radiopaque agents were developed. Lipiodol was the first iodinated contrast agent used for myelography. 37 Postulated in 1921 by Forestier and Sicard, Lipiodol myelography was one of the techniques used at that time for tumor localization. 25 Pain, inflammation, and arachnoiditis were common complications of the use of Lipiodol. 27 Harvey Cushing refused to use this technique because he was convinced that its complications outweighed its benefits, as was later demonstrated.
One of the diagnostic techniques that Harvey Cushing used for spinal tumors was the double puncture developed by J.B. Ayer in 1707. This technique was based on the comparison of the xanthochromia (yellow discoloration) of the cerebrospinal fluid above and below the compression point, with one puncture of the cisterna magna and a second one of the lumbar space. 1, 32 Later in his career, Harvey Cushing combined lumbar puncture and x-rays in his practice. 4 He would continue using these techniques in his future at Brigham and Women's Hospital and Yale. 9 In many cases these techniques were not accurate enough, and after an exploratory laminectomy and dural opening, Cushing would extend the skin incision to locate the tumor.
the technical challenges and "technique of laminectomy"
Harvey Cushing used laminectomy to approach different lesions: metastatic lesions to the spine, 28 Potts disease, I prefer in these cases, as in all operations, to make a preliminary dermal scratch with the knife after cleaning the regions and before draping.
[…] It is rarely necessary to put any clamps anywhere on the wound after bleeding is controlled in other ways.
This unfinished paper further illustrates the importance Cushing placed on the Halstedian principle of careful handling of tissues:
If, before the incision is carried down to the spines, the two assistants place their eight fingers on each side of the spinous processes and press the tissues down, the skin is rendered taught and drawn away as it separates when the preliminary cut is carried down to the spine.
Cushing's concern regarding damage to local tissues during retraction in those cases is a product of his early training under Halsted;
23 the risk of damaging the surrounding tissues is further emphasized by Cushing's description of the preferred methods of retraction in the same paper:
We usually employ and prefer hand retraction if sufficient helpers are available, the retractors for this purpose being flat and of such character that they hold the muscle properly apart without tearing or damaging it. The usual spreader which is on the market has such deep forks that they dig out into the muscular tissues unnecessarily and sometimes cause bleeding and damage to the muscles.
In the preantibiotic era, the importance of maintaining tissue integrity to ensure proper wound closure and postoperative healing could hardly be overstated. Despite some success treating central nervous system abscesses with early bacteriostatic agents, 34 options available for Cushing to treat infections of neurosurgical (or other) incision sites were significantly limited.
However, spine surgery required long incisions. The 3 cases described here illustrate Cushing's use of long incisions to achieve adequate exposure for exploration of the lesion. In Case 1, Cushing reports using an incision "about 20 cm. in length" to expose a tumor from C-7 to T-5; in Case 2, Cushing reports a "possibly 5-inch exposure" through an incision from C-4 or C-5 to T-2; and in Case 3, Cushing reports an incision from T-6 to L-1. In the absence of modern neuroimaging techniques, these extensive incisions were necessary to enable exploration and localization of the tumor, in addition to minimizing the need for retraction. As we can read, in the same paper Cushing emphasizes the need for wide exposure:
If [the] tumour is to be exposed and its situation is evident, the laminae of three, or better four, vertebrae at least should be removed and this makes it advisable to remove the spine at least of the vertebrae above and below. As six vertebrae are thus involved, the incision has to be long, and it is unusual to see a laminectomy performed without the surgeon's having to lengthen his incision. It is just as well therefore to have it sufficiently long at the outset. A long wound of this kind heals just as rapidly as a short one and probably better, for there is less likelihood of trauma of the tissues in the process of retraction.
Over the course of the 20th century, the advent of operative microscopes, improved hemostatic devices, and the use of lasers and ultrasonic aspirators to aid in IMSCT resection have allowed neurosurgeons to limit both the incision length and the number of levels involved in laminectomies. 36 One of the main technical concerns of Cushing's time was damaging the cord during the laminectomy. 6 Harvey Cushing incorporated the use of burs, rongeurs, and laminectomy forceps. Mallets and saws were not used, to avoid injury to the underlying nervous tissue during the procedure:
The spines and laminae thus being exposed, freed from periosteum and soft parts, are then removed as follows: with a heavy pair of long-handled bone forceps, the spines are cut off with a single cut […] . In order to avoid any jar in the succeeding delicate procedure in getting the laminae off, a broad, arrow-pointed perforator attached to the usual brace and bit is then used to make a conical-shaped defect through the remaining stump of the spine until the point opens into the extradural portion of the canal.
[…] The arrow-pointed perforator is then followed by a burr of 2 cm. in diameter, which opens the canal widely down to the fatty tissue surrounding the dura.
[…] There then remains merely a thin bridge of laminae of the two adjacent vertebrae which usually can be removed with a single bite of the ordinary small rongeurs of the Horsley pattern.
Following the dural opening, there was extrusion of the nervous tissue, especially if an anterior tumor was pushing the spinal cord to the back of the spinal column. 32 In the case presented above, Harvey Cushing mentioned this disadvantage and the inability to close the dura mater afterward:
On splitting the dura the cord itself bulged into the wound so that it would have been absolutely impossible to have closed the dura again had this seemed advisable.
After the dural opening, the challenge was localizing the tumor. We discovered that Cushing adapted his surgical technique to the limited preoperative diagnostic exploration: he would make an extensive skin incision, laminectomy, and dural opening to explore the region. If the localization of the tumor was correctly approximated, he would see a region of distended spinal cord. If the localization was not precise, he would pass a catheter to feel for any obstruction or resistance. He would then extend the skin incision, the levels of the laminectomy, and the dural opening toward the bulging region or obstruction.
It is unusual to see a laminectomy performed without the surgeon's having to lengthen his incision.
Once approaching the tumor itself, the challenge was distinguishing the bulging from tumor versus the bulging from syrinx, especially in the IMSCTs that had a cystic nature. Harvey Cushing would look for a change of texture and consistency in the tissue by either visual or tactile evaluation. When tumor was suspected, the cord was incised and the cyst evacuated, with spooning out of the tumor in some cases. When Cushing assumed that the bulging region was syringomyelia, he would use a needle to drain the fluid.
From publications by Mixter in 1922, we learn more about the management of intramedullary lesions at that time.
32 "Removal at once of an intramedullary tumor is not to be attempted on account of damage to the cord. Cyst evacuation is indicated and result may be extremely satisfactory." Tumor resection was technically challenging and cyst evacuation for decompression was accepted as a good surgical outcome.
To overcome the challenge of tumor resection, in 1911 Charles Elsberg proposed one of the revolutionary techniques in treatment of IMSCTs: a 2-stage operation to minimize manipulation of the spinal cord during tumor resection. 19, 20 He advised the surgeon to split the cord over the tumor mass without tumor resection in the initial surgery. During a second sitting, and in the hope that the tumor would have extruded during the time between the first and the second surgery, a resection of the lesion would be performed. 32 The challenge of spinal cord injury during surgery was the main reason why some surgeons considered the laminectomy a dangerous and aggressive procedure. As stated in 1912 by Bottomley, Cushing and others promoted and supported its use, although with some reservations: "Kocher and Harvey Cushing, both masters in neurological surgery, consider laminectomy anything but a harmless operation and are most conservative advising its use." 6 conclusions One might ask why Harvey Cushing never finished or published his paper "Technique of Laminectomy." Although this question can only be answered with assumptions, it might be worthwhile to cite his own words in his paper "The special field of neurological surgery after another interval" in 1920: "I have read over the general statement in my papers of ten and fifteen years ago regarding the surgery of the spinal cord, and though I might give many additional illustrations I do not know that there is very much to add to the general principles of these operations then described. There are more things, possibly, to retract than to add." 14 Although Cushing's attempts at exploration and resection as described here demonstrated only limited success in treating IMSCTs, his ability to manipulate the spinal cord during these exploratory procedures without the patients incurring permanent neurological damage, as well as the absence of postoperative infection or complications, is a testament to his meticulous operative technique and his surgical skills.
Without regard to the limitations imposed on them, Harvey Cushing and his contemporaries faced all those challenges, and built an essential part of our common story.
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